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Description
BACKGROUND

[0001] The present disclosure relates generally to the
field of battery systems, and more particularly, to battery
systems used in vehicular contexts, as well as other en-
ergy storage/expending applications,

[0002] This section is intended to introduce the reader
to various aspects of art that may be related to various
aspects of the present disclosure, which are described
below. This discussion is believed to be helpful in pro-
viding the reader with background information to facilitate
a better understanding of the various aspects of the
present disclosure. Accordingly, it should be understood
that these statements are to be read in this light, and not
as admissions of prior art.

[0003] Avehiclethatuses one or more battery systems
for providing all or a portion of the motive power for the
vehicle can be referred to as an xEV, where the term
"XEV" is defined herein to include all of the following ve-
hicles, or any variations or combinations thereof, that use
electric power for all or a portion of their vehicular motive
force. For example, xEVs include electric vehicles (EVs)
that utilize electric power for all motive force. As will be
appreciated by those skilled in the art, hybrid electric ve-
hicles (HEVs), also considered xEVs, combine an inter-
nal combustion engine propulsion system and a battery-
powered electric propulsion system, such as 48 volt or
130 volt systems. The term HEV may include any varia-
tion of a hybrid electric vehicle. For example, full hybrid
systems (FHEVs) may provide motive and other electri-
cal power to the vehicle using one or more electric mo-
tors, using only an internal combustion engine, or using
both. In contrast, mild hybrid systems (MHEVs) disable
the internal combustion engine when the vehicle is idling
and utilize a battery system to continue powering the air
conditioning unit, radio, or other electronics, as well as
to restart the engine when propulsion is desired. The mild
hybrid system may also apply some level of power assist,
during acceleration for example, to supplement the inter-
nal combustion engine. Mild hybrids are typically 96V to
130V and recover braking energy through a belt or crank
integrated starter generator. Further, a micro-hybrid elec-
tric vehicle (mMHEV) also uses a "Stop-Start" system sim-
ilar to the mild hybrids, but the micro-hybrid systems of
a mHEV may or may not supply power assist to the in-
ternal combustion engine and operates at a voltage be-
low 60V. For the purposes of the present discussion, it
should be noted that mHEVs typically do not technically
use electric power provided directly to the crankshaft or
transmission for any portion of the motive force of the
vehicle, but an mHEV may still be considered as an xEV
since it does use electric power to supplement a vehicle’s
power needs when the vehicle is idling with internal com-
bustion engine disabled and recovers braking energy
through an integrated starter generator. In addition, a
plug-in electric vehicle (PEV) is any vehicle that can be
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charged from an external source of electricity, such as
wall sockets, and the energy stored in the rechargeable
battery packs drives or contributes to drive the wheels.
PEVs are a subcategory of EVs that include all-electric
or battery electric vehicles (BEVs), plug-in hybrid electric
vehicles (PHEVs), and electric vehicle conversions of hy-
brid electric vehicles and conventional internal combus-
tion engine vehicles.

[0004] xEVs as described above may provide a
number of advantages as compared to more traditional
gas-powered vehicles using only internal combustion en-
gines and traditional electrical systems, which are typi-
cally 12V systems powered by a lead acid battery. For
example, xEVs may produce fewer undesirable emission
products and may exhibit greater fuel efficiency as com-
pared to traditional internal combustion vehicles and, in
some cases, such xEVs may eliminate the use of gaso-
line entirely, as is the case of certain types of EVs or
PEVs.

[0005] Vehicles generally use one or more battery sys-
tems to power features in the vehicle including the air
conditioning, radio, alarm system, and other electronics,
To reduce the amount of undesirable emissions products
and improve the fuel efficiency of vehicles, improvements
have been made to vehicle technologies. For example,
some vehicles may utilize techniques, such as regener-
ative braking, to generate and store electrical power as
the vehicle decelerates or coasts. More specifically, as
vehicle reduces in speed, a regenerative braking system
may convert mechanical energy into electrical energy,
which may then be stored and/or used to power to the
vehicle.

[0006] Often, a lithium ion battery may be used to fa-
cilitate efficiently capturing the electrical energy gener-
ated. More specifically, the lithium ion battery may cap-
ture/store electrical energy during regenerative braking
and subsequently supply electrical energy to the vehi-
cle’s electrical system. However, as the lithium ion bat-
tery module operates, the operational parameters of both
the lithium ion battery and a traditional lead-acid battery
may change and affect performance.

[0007] Accordingly, it would be beneficial to improve
control over operation of the battery system, for example,
to manage the changes that may occur in the operational
parameters of the lithium ion battery and the lead-acid
battery.

SUMMARY

[0008] A summary of certain embodiments disclosed
herein is set forth below. It should be understood that
these aspects are presented merely to provide the reader
with a brief summary of these certain embodiments and
that these aspects are not intended to limit the scope of
this disclosure. Indeed, this disclosure may encompass
a variety of aspects that may not be set forth below.

[0009] The present disclosure relates to batteries and
battery systems. More specifically, the present disclo-
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sure relates to various electrochemical and electrostatic
energy storage technologies (e.g. lead-acid batteries,
nickel-zinc batteries, nickel-metal hydride batteries, and
lithium ion batteries). Particular embodiments are direct-
ed to dual chemistry battery modules that may be used
in vehicular contexts (e.g., micro-hybrid vehicles) as well
as other energy storage/expending applications (e.g.,
energy storage for an electrical grid).

[0010] More specifically, the dual chemistry battery
modules may include a first battery utilizing a first battery
chemistry and a second battery utilizing a second battery
chemistry. The first battery and the second battery may
be connected in various parallel architectures, such as
passive or semi-passive architectures. For example, in
a passive architecture, the first battery and the second
battery may be directly coupled to the terminals of the
battery module. To increase the amount of control over
the battery module, in a semi-passive architecture, a bi-
stable relay may be included between either the first bat-
tery or the second battery and the terminals of the battery
module. The bi-stable relay may then be opened or
closed to selectively connect either the first battery or the
second battery.

[0011] Additionally, the battery chemistries used in the
first battery and the second battery may be selected
based on desired characteristics for each. For example,
the firstbattery may utilize alead-acid chemistry to supply
large surges of current, which may be utilized to start
(e.g., crank) an internal combustion engine. The second
battery may utilize various battery chemistries (e.g., nick-
el manganese cobalt oxide, lithium manganese ox-
ide/nickel manganese cobalt oxide, or lithium manga-
nese oxide/ lithium titanate) with a higher coulombic ef-
ficiency and/or a higher charge power acceptance rate
(e.g., higher maximum charging voltage or charging cur-
rent) than the first battery. As used herein, "coulombic
efficiency" and "charge power acceptance rate" may be
used interchangeably to describe charging efficiency. In
other words, the second battery may be recharged more
efficiently and at a faster rate, for example while capturing
regenerative power. Accordingly, in some embodiments,
the first battery may be the primary source of electrical
power and the second battery may supplement the first
battery, for example by capturing, storing, and distribut-
ing regenerative power.

[0012] Accordingly, in a first embodiment, a battery
system includes a first battery coupled to an electrical
system, in which the first battery includes a first battery
chemistry, and a second battery selectively coupled to
the electrical system via a bi-stable relay and in parallel
with the first battery, in which the second battery includes
a second battery chemistry that has a higher coulombic
efficiency than the first battery chemistry. The bi-stable
relay is configured to couple the second battery to the
electrical system to enable the second battery to capture
a majority of regenerative power generated during re-
generative braking and to enable the second battery to
supply the regenerative power to power the electrical sys-
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tem by itself or in combination with the first battery.

[0013] In another embodiment, a battery system in-
cludes a first battery selectively coupled to an electrical
system via a bi-stable relay, in which the first battery in-
cludes a first battery chemistry, and a second battery
directly coupled to the electrical system in parallel with
the first battery, in which the second battery includes a
second battery chemistry that has a higher charge power
acceptance rate than the first battery chemistry, The bi-
stable relay is configured to disconnect the first battery
from the electrical system to enable the second battery
to be charged at a voltage higher than the first battery
maximum charging voltage during regenerative braking.

DRAWINGS

[0014] Various aspects of this disclosure may be better
understood upon reading the following detailed descrip-
tion and upon reference to the drawings in which:

FIG. 1 is perspective view of a vehicle (an xEV) hav-
ing a battery system contributing all or a portion of
the power for the vehicle, in accordance with an em-
bodiment of the present approach;

FIG. 2 is a cutaway schematic view of the xEV of
FIG. 1 in the form of a hybrid electric vehicle (HEV),
in accordance with an embodiment of the present
approach;

FIG. 3 is a schematic diagram of a passive battery
architecture, in accordance with an embodiment of
the present approach;

FIG. 4A is a schematic diagram of a semi-passive
battery architecture with a bi-stable relay to selec-
tively couple a second battery, in accordance with
an embodiment of the present approach;

FIG. 4B is a schematic diagram of a semi-passive
battery architecture with a bi-stable relay to selec-
tively couple a first battery, in accordance with an
embodiment of the present approach;

FIG. 5 is a graph illustrating voltage characteristics
of partial voltage matched battery chemistries, in ac-
cordance with an embodiment of the present ap-
proach;

FIG. 6 is a graph describing various hypothetical op-
erations of a vehicle over time, in accordance with
an embodiment of the present approach;

FIG. 7A is a graph illustrating the voltage of a semi-
passive battery system with non-voltage matched
battery chemistries for the vehicle described in FIG.
6, in accordance with an embodiment of the present
approach;
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FIG. 7B is a graph illustrating the voltage of a first
embodiment of a semi-passive battery system with
partial voltage matched battery chemistries for the
vehicle described in FIG. 6, in accordance with an
embodiment of the present approach;

FIG. 7Cis a graphillustrating the voltage of a second
embodiment of a semi-passive battery system with
partial voltage matched battery chemistries for the
vehicle described in FIG. 6, in accordance with an
embodiment of the present approach;

FIG. 7D is a graph illustrating the voltage of a semi-
passive battery system with voltage matched battery
chemistries for the vehicle described in FIG. 6, in
accordance with an embodiment of the present ap-
proach;

FIG. 8 is a flow diagram describing an embodiment
of a method for controlling a battery system, in ac-
cordance with an embodiment of the present ap-
proach; and

FIG. 9 is a perspective view of a prismatic battery
cell used in a lithium ion battery, in accordance with
an embodiment of the present approach.

DETAILED DESCRIPTION

[0015] One or more specific embodiments will be de-
scribed below. In an effort to provide a concise descrip-
tion of these embodiments, not all features of an actual
implementation are described in the specification. It
should be appreciated that in the development of any
such actual implementation, as in any engineering or de-
sign project, numerous implementation-specific deci-
sions must be made to achieve the developers’ specific
goals, such as compliance with system-related and busi-
ness-related constraints, which may vary from one im-
plementation to another. Moreover, it should be appre-
ciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for
those of ordinary skill having the benefit of this disclosure.
[0016] Asdiscussedabove, vehicletechnology hasim-
proved to increase fuel economy and/or reduce undesir-
able emissions compared to more traditional gas-pow-
ered vehicles. For example, micro-hybrid vehicles disa-
ble the vehicle’s internal combustion engine when the
vehicle is idling. While the vehicle’s internal combustion
engineis disabled, the battery system may continue sup-
plying power to the vehicle’s electrical system, which may
include the vehicle’s radio, air conditioning, electronic
control units, and the like. Additionally, regenerative brak-
ing vehicles capture and store electrical power generated
when the vehicle is braking or coasting. In some embod-
iments, the generated electrical power may then be uti-
lized to supply power to the vehicle’s electrical system.
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In other embodiments, the generated electrical power
may be utilized to stabilize voltage during high demand,
for example in regenerative storage systems.

[0017] Based on the advantages over traditional gas-
power vehicles, manufactures, which generally produce
traditional gas-powered vehicles, may desire to utilize
improved vehicle technologies (e.g., micro-hybrid tech-
nology or regenerative braking technology) within their
vehicle lines. These manufactures often utilize one of
their traditional vehicle platforms as a starting point. Gen-
erally, traditional gas-powered vehicles are designed to
utilize 12 volt battery systems (e.g., voltage between 7-18
volts), such as a single 12 volt lead-acid battery. Accord-
ingly, the single lead-acid battery may be adapted for the
improved vehicle technologies. For example, the lead-
acid battery may be utilized to capture and store regen-
erative power and/or supply power to the electrical sys-
tem during auto-stop. However, in some embodiments,
a lead-acid battery may be less efficient at capturing re-
generative electrical power due to the lower coulombic
efficiency and/or lower charge power acceptance rate
associated with the lead-acid battery chemistry. As used
herein, "coulombic efficiency" and "charge power accept-
ance rate" may be used interchangeably to describe
charging efficiency and charging rate. Additionally, the
lead-acid battery capacity may be increased to account
for the electrical power demand during auto-stop, which
may increase cost. As such, it would be beneficial to im-
prove the efficiency of the power storage in the battery
system and the efficiency of the power distribution to the
vehicle’s electrical system while largely conforming to
existing vehicle electrical systems.

[0018] Accordingly, present embodiments include
physical battery system features, and so forth, that facil-
itate providing improved 12 volt battery systems. As used
herein, a "12 volt battery system" is intended to describe
a battery system that supplies between 7-18 volts to an
electrical system. For example, in some embodiments,
the battery module may include multiple differing battery
chemistries to improve the storage and distribution effi-
ciency of the battery module. More specifically, as will be
described in more detail below, the battery module may
include a first battery (e.g., primary battery) with a first
battery chemistry and a second battery (e.g., secondary
battery) with a second battery chemistry. As used herein,
"battery" is intended describe energy storage devices
that utilize various chemical reactions to store and/or dis-
tribute electrical power. In some embodiments, the first
battery and the second battery may operate in tandem.
Forexample, the first (e.g., primary) battery may efficient-
ly supply large amounts of current, for example to crank
the internal combustion engine, and the second battery
(e.g., power device) may efficiently capture and store a
majority of power generated due to its higher coulombic
efficiency and/or higher power charge acceptance rate.
Additionally, the power stored in the second battery may
be expended to provide power to the vehicle’s electrical
system. In other words, the first battery may be the pri-
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mary source of electrical power and the second battery
may supplement the battery, which in some embodi-
ments may enable the storage capacity and/or the overall
physical dimensions of the battery module to be reduced.
[0019] To facilitate supplementing the first battery with
the second battery, the first battery and the second bat-
tery may be connected in various parallel architectures.
For example, the battery module may utilize a passive
architecture or a semi-passive architecture. As will be
described in more detail below, in a passive architecture,
the first battery and the second battery may be directly
coupled to terminals of the battery module, which may
reduce complexity of a control algorithm for the battery
system. In a semi-passive architecture, one of the first
battery and the second battery may be coupled to the
terminals of the battery module via a bi-stable relay while
the other may be directly coupled. In some embodiments,
the bi-stable relay may increase the control over opera-
tion of the battery module by enabling either the first bat-
tery or the second battery to be selectively connected
and disconnected. In some embodiments, utilizing the
techniques described herein may increase fuel economy
and reduce undesirable emissions by 3-5% as compared
to auto-stop technology utilizing traditional 1 2 volt battery
systems (e.g., asingle 1 2 voltlead-acid battery) because
the load on the alternator is reduced by more efficiently
capturing regenerative power.

[0020] To help illustrate, FIG. 1 is a perspective view
of an embodiment of a vehicle 10, which may utilize a
regenerative braking system. Although the following dis-
cussion is presented in relation to vehicles with regener-
ative braking systems, the techniques described herein
may be applied to other vehicles including XxEV and gas-
powered vehicles.

[0021] Asdiscussed above, it would be desirable for a
battery system 12 to be largely compatible with traditional
vehicle designs. Accordingly, the battery system 12 may
be placed in a location in the vehicle 10 that would have
housed a traditional battery system. For example, as il-
lustrated, the vehicle 10 may include the battery system
12 positioned similarly to a lead-acid battery of a typical
combustion-engine vehicle (e.g., under the hood of the
vehicle 10). Furthermore, as will be described in more
detail below, the battery system 12 may be positioned to
facilitate managing temperature of the battery system 12.
Forexample, in some embodiments, positioning a battery
system 12 under the hood of the vehicle 10 may enable
an air duct to channel airflow over the battery system 12
and cool the battery system 12.

[0022] A more detailed view of the battery system 12
is described in FIG. 2. As depicted, the battery system
12 includes an energy storage component 14 coupled to
an ignition system 16, an alternator 18, a vehicle console
20, and optionally to an electric motor 22. Generally, the
energy storage component 14 may capture/store electri-
cal energy generated in the vehicle 10 and output elec-
trical energy to power electrical devices in the vehicle 10.
[0023] More specifically, the energy storage compo-
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nent 14 may capture/store generated electrical energy
and output electrical energy to power each of these com-
ponents, as well as others. In other words, the battery
system 12 may supply power to components of the ve-
hicle’s electrical system, which may include radiator cool-
ing fans, climate control systems, electric power steering
systems, active suspension systems, auto park systems,
electric oil pumps, electric super/turbochargers, electric
water pumps, heated windscreen/defrosters, window lift
motors, vanity lights, tire pressure monitoring systems,
sunroof motor controls, power seats, alarm systems, in-
fotainment systems, navigation features, lane departure
warning systems, electric parking brakes, external lights,
or any combination thereof. lllustratively, the energy stor-
age component 14 depicted in FIG. 2 supplies power to
the vehicle console 20 and the ignition system 16 to start
(e.g., crank) the internal combustion engine 24. In some
embodiments, the ignition system 16 may include a tra-
ditional starter and/or a belt starter generator (BSG).
[0024] Additionally, the energy storage component 14
may capture electrical energy generated by the alternator
18 and/or an electric motor 22. In some embodiments,
the alternator 18 may generate electrical energy while
an internal combustion engine 24 is running. More spe-
cifically, the alternator 18 may convert the mechanical
energy produced by the rotation of the internal combus-
tion engine 24 into electrical energy. Additionally or al-
ternatively, when the vehicle 10 includes the electric mo-
tor 22, the electric motor 22 may generate electrical en-
ergy by converting mechanical energy produced by the
movement of the vehicle 10 (e.g., rotation of the wheels)
into electrical energy. In other words, the energy storage
component 14 may capture electrical energy generated
during regenerative braking. Further, the alternator 18
may be a variable voltage alternator, and the energy gen-
erated by the alternator 18 during regenerative braking
may include a greater voltage than a voltage of the energy
generated by the alternator 18 through the internal com-
bustion engine 24.

[0025] Tofacilitate capturing and supplying electric en-
ergy, the energy storage component 14 may be coupled
to the vehicle’s electric system via a bus 26. For example,
the bus 26 may enable the energy storage component
14 to receive electrical energy generated by the alterna-
tor 18 and/or the electric motor 22. Additionally, the bus
may enable the energy storage component 14 to output
electrical energy to the ignition system 16 and/or the ve-
hicle console 20. Accordingly, when a 12 volt battery sys-
tem 12 is used, the bus 26 may carry electrical power
typically between 8-18 volts.

[0026] Additionally, as depicted, the energy storage
component 14 may include multiple battery modules. For
example, in the depicted embodiment, the energy stor-
age component 14 includes a first battery module 28 and
a second battery module 30, which each includes one or
more battery cells. In other embodiments, the energy
storage component 14 may include any number of bat-
tery modules. Additionally, although the first battery mod-
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ule 28 and the second battery module 30 are depicted
adjacent to one another, they may be positioned in dif-
ferent areas around the vehicle. Forexample, the second
battery module 30 may be positioned in or about the in-
terior of the vehicle 10 while the first battery module 28
may be positioned under the hood of the vehicle 10.
[0027] More specifically, in some embodiments, the
energy storage component 14 may include multiple bat-
tery modules to utilize multiple different battery chemis-
tries. For example, the first battery module 28 may utilize
a lead-acid battery chemistry and the second battery
module 30 may utilize a lithium ion battery chemistry. In
such an embodiment, the performance of the battery sys-
tem 12 may be improved since the lithium ion battery
chemistry generally has a higher coulombic efficiency
and/or ahigher power charge acceptancerate (e.g., high-
er maximum charge current or charge voltage) than the
lead-acid battery chemistry. As such, the capture, stor-
age, and/or distribution efficiency of the battery system
12 may be improved.

[0028] To facilitate supply of power from the battery
system 12 to the various components in the vehicle’'s
electrical system (e.g., HVAC system and vehicle con-
sole 20), the energy storage component 14 includes a
first terminal 32 (i.e. a positive terminal) and a second
terminal 34 (i.e., a ground terminal). In some embodi-
ments, the second terminal 34 may provide a ground
connection and the first terminal 32 may provide a pos-
itive voltage ranging between 8-18 volts. As previously
noted, the battery module 14 may have dimensions com-
parable to those of a typical lead-acid battery to limit mod-
ifications to the vehicle 10 design to accommodate the
battery system 12. For example, the battery module 14
may be of similar dimensions to an H6 battery, which
may be approximately 13.9 inches x 6.8 inches x 7.5
inches. As depicted, the battery module 14 may be in-
cluded within a single continuous housing. In other em-
bodiments, the battery module 14 may include multiple
housings coupled together (e.g., afirst housing including
the first battery and a second housing including the sec-
ond battery). In still other embodiments, as mentioned
above, the battery module 14 may include the first battery
module 28 located under the hood of the vehicle 10, and
the second battery module 30 may be located within the
interior of the vehicle 10.

[0029] Asdepicted, the battery module 14 includes the
first terminal 32, the second terminal 34, a first battery
(e.g., a lead acid battery) 28, a second battery 30 (e.g.,
a lithium ion battery), and a battery control unit 36. As
used herein, the battery control unit 36 generally refers
to control components that control operation of the bat-
tery system 12, such as relays within the battery module
or switches in the alternator 18. The operation of the bat-
tery module 14 may be controlled by the battery control
unit 36. For example, the battery control unit 36 may reg-
ulate amount of electrical energy captured/supplied by
each battery module 28 or 30 (e.g., de-rate and re-rate
the battery system 12), perform load balancing between
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the batteries, control charging and discharging of the bat-
teries (e.g., via relays or DC/DC converters), determine
a state of charge of each battery and/or the entire battery
module 14, activate an active cooling mechanism, and
the like.

[0030] Accordingly, the battery control unit 36 may in-
clude one or more memory 38 and one or more processor
40 programmed to execute control algorithms for per-
forming such tasks. More specifically, the one or more
processor 40 may include one or more application spe-
cific integrated circuits (ASICs), one or more field pro-
grammable gate arrays (FPGAs), one or more general
purpose processors, or any combination thereof, Addi-
tionally, the one or more memory 38 may include volatile
memory, such as random access memory (RAM), and/or
non-volatile memory, such as read-only memory (ROM),
optical drives, hard disc drives, or solid-state drives. In
some embodiments, the battery control unit 36 may in-
clude portions of a vehicle control unit (VCU) and/or a
separate battery control module. Additionally, as depict-
ed, the battery control unit 36 may be included separate
from the battery module 14, such as a standalone mod-
ule. In other embodiments, the battery control unit 36
may be included within the battery module 14.

[0031] Furthermore, as depicted, the first battery 28
and the second battery 30 are connected in parallel
across the first terminal 32 and the second terminal 34
to enable charging and discharging of the batteries. As
described above, the battery terminals 32 and 34 may
output the power stored in the battery module 14 to pro-
vide power to the vehicle’s electrical system. Additionally,
the battery terminals 32 and 34 may also input power to
the battery module 14 to enable the first battery 28 and
the second battery 30 to charge, for example, when the
alternator 18 generates electrical power through regen-
erative braking.

[0032] Moreover, as described above, the first battery
28 and the second battery 30 may utilize various parallel
architectures including a passive architecture or a semi-
passive architecture. For example, in FIG. 3, a passive
battery system 42 is depicted, and in FIGS. 4A and 4B,
a semi-passive architecture 50 is depicted. As depicted
in each architecture, the first battery 28 and the second
battery 30 are coupled in parallel with a starter (e.g., ig-
nition system) 16, an alternator (e.g., regenerative brak-
ing system) 18, and the vehicle’s electrical system 46 via
the bus 26. Additionally, the first battery 28 and the sec-
ond battery 30 are selectively connected to the ignition
system 16 via a switch 48. As can be appreciated, the
switch 48 may represent various mechanisms, such as
solenoids, that enable the first battery 28 and/or the sec-
ond battery 30 to start (e.g., crank) the internal combus-
tion engine 24. As will be described in more detail below,
the differences between the two architectures is the
amount of control over the operation of each of the first
battery 28 and the second battery 30.

[0033] As depicted in the passive battery system 42 of
FIG. 3, the first battery 28 and the second battery 30 are
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directly coupled to the bus 26. Accordingly, the operation
of the first battery 28 and the second battery 30 may be
controlled by the characteristics of each of the batteries.
More specifically, the charging and discharging of the
batteries 28 and 30 may be controlled by the current
steering characteristics (e.g., internal resistance) of the
first battery 28 (e.g., a lead-acid battery) and the second
battery 30 (e.g., a lithium ion battery). For example, when
the first battery 28 is fully charged or close to fully charged
(e.g., generally full state of charge), the first battery 28
may have a high internal resistance that steers current
toward the second battery 30. On the other hand, when
the first battery 28 is less than fully charged, the current
may be shared between the lead-acid battery 28 and the
second battery 30. In other words, the internal resistance
may be proportionally related to the battery state of
charge (e.g., high state of charge high internal resist-
ance). Additionally, when the second battery 30 has a
higher open circuit voltage than the first battery 28, the
second battery 30 may provide power by itself, for exam-
ple to a vehicle electrical system 46, until it nears the
open circuit voltage of the first battery, The exact voltage
when the first battery 28 may begin providing power may
be based on the various factors, such as the internal re-
sistance of the batteries 28 and 30 and a diffusional re-
sistance of the vehicle electrical system 46.

[0034] Further, as discussed above, the first battery 28
and the second battery 30 are selectively connected to
the ignition system 16 via a switch 48. As can be appre-
ciated, the switch 48 may represent various mechanisms,
such as solenoids, that enable the first battery 28 (e.g.,
alead-acid battery) and/or the second battery 30 to start
(e.g., crank) the internal combustion engine 24.

[0035] To increase the control over the operation of
one of the batteries 28 or 30, a semi-passive architecture
50, as depicted in FIGS. 4A and 4B, may be utilized.
More specifically, the semi-passive architecture 50 ena-
bles one of the batteries 28 or 30 to be selectively con-
nected and disconnected from the bus 26. For example,
FIG. 4A, depicts an embodiment of a semi-passive ar-
chitecture 50A with a bi-stable relay 52A included be-
tween the second battery 30 and the first terminal 32
while the first battery 30 is directly connected to the ter-
minal 32. As used herein, a "bi-stable relay" is intended
to describe any mechanism that can selectively connect
and disconnect a battery while maintaining a stable state
in either a connected or disconnected position. For ex-
ample, the bi-stable relay 52 may only consume power
for an instant while the bi-stable relay 52 switches be-
tween positions. In contrast, a standard relay may con-
tinuously consume power while the relay is in either or
both of an open position and a closed position. Therefore,
the bi-stable relay 52 may minimize power consumed
from the battery system 12. Further, it may be desirable
to utilize the bi-stable relay 52 to minimize the risk of
arcing, which may result from the use of a hardware
switch.

[0036] In operation, the battery control unit 36 may
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monitor information from the vehicle 10 to determine ap-
propriate times to open or close the bi-stable relay 52.
For example, when the vehicle 10 transitions from a key-
on to a key-off position, the battery control unit 36 may
instruct the bi-stable relay 52A to remain closed. While
the bi-stable relay 52A remains closed, any electrical
loads on the vehicle 10 may be driven by the second
battery 30 (e.g., a lithium ion battery) instead of the first
battery 28 (e.g., a lead-acid battery). Therefore, due to
the high coulombic efficiency of the second battery 30
relative to the first battery 28, the bi-stable relay 52A may
enable the second battery 30 to continue powering the
electrical system 46 of the vehicle 10 when the vehicle
10 is transitioned to the key-off position. Additionally, the
battery control unit 36 may maintain a coupling of the
second battery 30 to the electrical system 46 for a pre-
determined about of time (e.g., 2-5 minutes), or until the
second battery 30 reaches a predetermined voltage or
state of charge to maintain a minimum voltage or state
of charge level after the vehicle 10 transitions to the key-
off position.

[0037] In another embodiment, when the vehicle tran-
sitions from a long key-off position (i.e., in which the sec-
ond battery 30 has been switched off of the bus 26 by
the bi-stable relay 52A) to a key-on position, the battery
control unit 36 may determine whether the voltage of the
second battery 30 is lower than the voltage of the first
battery 28. If so, the bi-stable relay 52A may remain in
an off position until the engine starts under power of the
first battery 28 and until the alternator 18 is able to begin
charging the second battery 30 (e.g., during regenerative
braking). On the other hand, if the voltage of the second
battery 30 is greater than the voltage of the first battery
at the key-on position, the bi-stable relay 52A may im-
mediately switch closed to couple the second battery 30
into the passive parallel configuration with the first battery
28 to assist in starting the internal combustion engine 24.
Further, if the battery control unit 36 determines that the
voltage of the first battery 28 is too low to start the internal
combustion engine 24 (i.e., the voltage of the first battery
28 is below a threshold voltage), the battery control unit
36 may close the bi-stable relay 52A to allow the second
battery 30 to provide the starting power for the ignition
system 16 (i.e., allow the second battery 30 to "jump" the
vehicle 10).

[0038] Alternatively, FIG. 4B depicts an embodiment
of a semi-passive architecture 508 with a bi-stable relay
52B included between the first battery 28 and the bus 26
while the second battery 30 is directly connected to the
bus 26. In operation, the bi-stable relay 52B may be
closed when it is desirable to charge or discharge the
first battery 28. On the other hand, the bi-stable relay 52B
may be open when the first battery 28 is neither charging
nor discharging, In other words, current steering charac-
teristics may control the operation of the second battery
30 while the battery control unit 36 may control the op-
eration of the first battery 28 directly via the bi-stable relay
52B. It may be desirable to remove the first battery 28
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from the bus 26 while the alternator 18 charges the sec-
ond battery 30 during regenerative braking. By removing
the first battery 28 from the bus 26, the first battery 28
may be protected from overvoltage applications of power
that are undesirable for the first battery 28 and intended
to charge the second battery 30.

[0039] Additionally, it may be desirable to open the bi-
stable relay 52B to remove the first battery 28 from the
bus 26 when a key-off position is received by the vehicle
10. In this situation, the first battery 28, which may gen-
erally berelied onto crank the internal combustion engine
24, may not be depleted by the various components of
the electrical system 46 that remain active after the key-
off position is received. Further, when the vehicle 10 re-
ceives a key-on position, the battery control unit 36 may
instruct the bi-stable relay 52B to close. In closing the bi-
stable relay 52B, the first battery 28 may be relied on to
provide power to the ignition system 16 to crank the in-
ternal combustion engine 24.

[0040] Accordingly, in operation, the semi-passive ar-
chitecture 50 embodiments may be similar to the passive
battery system 42 embodiments. However, as will be de-
scribed in further detail below, the semi-passive battery
system architecture 50A may improve the reliability of
the battery system by enabling the second battery 30 to
be disabled (e.g., disconnected from the vehicle 10)
when it is undesirable to charge and/or discharge the
second battery 30. Additionally, the semi-passive archi-
tecture 50B may improve reliability of the battery system
by enabling the first battery 28 to be disabled (e.g., dis-
connected from the vehicle 10) when it is undesirable to
charge and/or discharge the first battery 28, for example
to protect the first battery 28 from overvoltage. In other
words, operation of one of the batteries 28 or 30 may be
directly controlled by the battery control unit 36.

[0041] As mentioned above, different pairs of battery
chemistries may be selected for the first and the second
batteries 28 and 30. As such, FIG. 5 illustrates a plot 54
of battery voltage curves of two different battery chem-
istries that may be selected. In other words, a first battery
chemistry may be selected for the first battery 28 and a
second battery chemistry may be selected for the second
battery 30. Depending on the chemistry pairings, the en-
ergy storage component 14 may function differently.
More specifically, the chemistry pair selected may cause
the first battery 28 and the second battery 30 to be non-
voltage matched, partial voltage matched, or voltage
matched. As used herein, "non-voltage matched" is in-
tended to describe when the first battery 28 and the sec-
ond battery 30 open circuit voltage ranges do not overlap,
"partial voltage matched" is intended to describe when
the first battery 28 and the second battery 30 open circuit
voltage ranges partially overlap, for example when the
voltage overlap corresponds to between 1-74% of the
total state of charge range of the second battery 30, and
"voltage matched" is intended to describe when the first
battery 28 and the second battery 30 voltages largely
overlap, for example when the voltage overlap corre-
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sponds to between 75-100% of the total state of charge
range of the second battery 30. It should be noted that
as described above, the second battery 30 has a higher
coulombic efficiency and/or a higher charge power ac-
ceptance rate than the first battery 28. In other words,
the battery pairing characteristics are described based
on the relationship of the higher coulombic efficiency
and/or a higher charge power acceptance rate battery
(e.g., the second battery 30) to the other battery (e.g.,
the first battery 28).

[0042] lllustratively, voltage curves for an example of
partial voltage matched batteries are depicted in FIG. 5,
which is an XY plot depicting battery voltage curves. To
simplify the following discussion, the first battery 28 will
be described as a lead-acid battery and the second bat-
tery 30 will be described as a battery that utilizes a lithium
ion battery chemistry. The voltage of each battery may
vary with its state of charge (SOC). For example, a lead-
acid battery 28 at 0% state of charge may have a voltage
of 11.2 volts, at 50% state of charge may have a voltage
of 12.2 volts, and at 100% state of charge may have a
voltage of 12.9 volts. In other words, the lead-acid battery
has a voltage range of 11.2-12.9 volts. Although the fol-
lowing discussion is made in reference to a lead-acid
battery and a second battery, the presenttechniques may
be applied to other battery pairings that have the same
characteristics (e.g., non-voltage matched, partial volt-
age matched, or non-voltage matched).

[0043] As depicted, when the second battery 30 is a
lithium-titanate/lithium nickel manganese cobalt oxide
(LTO/NMC) battery, the lead-acid (PbA) battery 28 and
the second battery 30 are partial voltage matched be-
cause an LTO/NMC voltage curve 56 and a PbA voltage
curve 58 partially overlap. In other words, depending on
their respective states of charge, the open circuit voltage
of the lead acid battery 28 and the second battery 30 may
be the same. To help illustrate, the lead-acid battery 28
has an open circuit voltage range of 11.2-12.9 volts and
the LTO/NMC battery 30 has an open circuit voltage
range between 11.8-16 volts. As described above, the
first battery 28 and the second battery 30 may be partial
voltage matched when the voltage overlap corresponds
to between 1-74%) of the second battery’s total state of
charge range. In the depicted embodiment, the first bat-
tery 28 and the second battery 30 may overlap between
11.8-12.9 volts. For example, when the second battery
30 is at a 20% state of charge and the lead-acid battery
28 is at a 100% state of charge, both will have a voltage
of approximately 12.9 volts. In other words, the voltages
may overlap when the second battery 30 is between
0-20% state of charge (e.g., 20% of the total state of
charge range). Further, other battery chemistries for the
second battery 30 may also partially overlap with the
lead-acid battery 28. For example, the second battery 30
may include a battery chemistry of lithium-titanate at an
anode of the second battery 30 and a blend of NMC and
lithium cobalt oxide (LCO) at a cathode of the second
battery 30. Furthermore, in other embodiments, the bat-
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teries 28 and 30 may also be non-voltage matched or
voltage matched with the lead-acid battery 28 depending
on the chemistry of the second battery 30.

[0044] As will be described in more detail below, the
voltage pairing (e.g., non-voltage match, partial-voltage
match, or voltage match) selected may determine the
operation of the batteries 28 and 30 within the vehicle
10. Additionally, as described above, the lead-acid bat-
tery 28 and the second battery 30 are connected in var-
ious parallel architectures within the energy storage com-
ponent 14. Accordingly, when the energy storage com-
ponent 14 is coupled to the vehicle 10, the lead-acid bat-
tery 28 and the second battery 30 are also connected in
parallel with the rest of the vehicle, such as the ignition
system 16, the alternator 18 (e.g., the regenerative brak-
ing system), and the electrical system 46 of the vehicle
10.

[0045] To help illustrate the functional differences be-
tween voltage pairings, each of the voltage pairings will
be described in relation to a hypothetical operation of the
vehicle 10 as described in FIG. 6. FIG. 6 is an XY plot
that describes various vehicle operations between time
0 and time 8, in which the Y-axis is vehicle speed and
the X-axis is time (i.e., time 0 to time 8). More specifically,
between time 0 and time 1, the vehicle 10 is key-off 60.
As used herein, "key-off is intended to describe when an
operator (e.g., a driver) is not using the vehicle 10. For
example, key-off 60 may describe when the vehicle 10
is parked in a garage overnight. During key-off 60, the
internal combustion engine 24 is disabled and the battery
system 12 continues to provide power to components of
the vehicle’s electrical system 46 thatremain in operation
even when the operatoris away, such as an alarm system
or engine control unit. Accordingly, as depicted, the ve-
hicle has no speed.

[0046] Attime 1, the vehicle 10 is cold cranked 62. As
used herein, "cold crank" is intended to describe when
an operator starts (i.e., cranks) the internal combustion
engine 24 from key-off 60. Accordingly, during cold crank
62, the battery system 12 supplies power to the ignition
system 16 (e.g., starter) to start the internal combustion
engine 24. After the internal combustion engine 24 is
started, between time 1 and 2, the vehicle 10 accelerates
64. Accordingly, as depicted, the vehicle 10 increases
speed. Between time 2 and time 3, the vehicle 10 cruises
66. Accordingly, as depicted, the vehicle 10 remains at
a relatively constant speed. While the vehicle 10 accel-
erates 64 and cruises 66, the battery system 12 supplies
power to the vehicle’s electrical system 46, which may
include the HVAC system and the vehicle console 20.
To recharge the battery system 12, the alternator 18 may
periodically be turned on, which, as will be described in
more detail below, may result in micro-cycles. It should
be noted that the embodiments described below may mi-
cro-cycle a battery 28 or 30 to achieve a target state of
charge; however, additionally or alternatively, in other
embodiments, the alternator 18 may supply power direct-
ly to the vehicle’s electrical system 46 while the vehicle
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10 is accelerating 64 and/or cruising 66 without micro-
cycling the battery 28 or 30. In other words, the alternator
18 may supply power directly to the vehicle’s electrical
system, for example while the vehicle 10 accelerates 64
or cruises 66.

[0047] Between time 3 and time 4, the vehicle 10 de-
celerates and generates electrical power via regenera-
tive braking 68. Accordingly, as depicted, the vehicle 10
reduces speed. More specifically, the kinetic energy
(e.g., motion of the vehicle) is converted into electrical
power through the alternator 18. The generated electrical
power may be stored by the battery system 12 and/or
distributed to supply power to the vehicle’s electrical sys-
tem 46. As will be described in more detail below, de-
pending on the configuration of the battery system 12,
the generated electrical power may be stored in and dis-
tributed from the first battery 28, the second battery 30,
or both. Between time 4 and time 5, the vehicle 10 again
cruises 70, and between time 5 and 6, the vehicle 10
again decelerates and generates electrical power via re-
generative braking 72.

[0048] Betweentime6andtime7,the vehicle 10enters
auto-stop 74. As described above, during auto-stop 74,
the internal combustion engine 24 is disabled while the
vehicle 10 is idle. Accordingly, as depicted, the vehicle
has no speed. From auto-stop 74, to resume driving the
vehicle, the battery system 12 warm cranks 76 the inter-
nal combustion engine 24. As used herein, "warm crank"
is intended to refer to starting (i.e., cranking) the internal
combustion engine 24 from auto-stop 74. As will be de-
scribed further below, the power used to warm crank 76
the internal combustion engine 24 may be less than the
power to cold crank 62. After the internal combustion
engine 24 is started (i.e., cranked), the vehicle 10 again
accelerates 78 between time 7 and time 8.

[0049] While the vehicle is in auto-stop 74, the battery
system 12 continues to supply power to the vehicle’s
electrical system 46. Additionally, this may include sup-
plying power to the ignition system 16 to warm crank 76
the internal combustion engine 24. However, while in au-
to-stop 74, because the internal combustion engine 24
is disabled, the battery system 12 is not charged by the
alternator 18. Accordingly, as described above, it may
be beneficial to improve the efficiency of the battery sys-
tem 12 in storing (e.g., capturing) generated electrical
power during regenerative braking (e.g., 68 or 72). Ad-
ditionally, it may be beneficial to improve the efficiency
of the battery system in distributing (e.g., supplying)
stored electrical power during various vehicle operations
(e.g., cruising 70, auto-stop 74, warm cranking 76, and/or
acceleration 78).

[0050] As discussed above, to helpillustrate the differ-
ence between each of the voltage pairings e.g., non-volt-
age match, partial voltage match, and voltage match),
the operation of the battery system 12 utilizing each of
the voltage pairings will be described below with regard
to the hypothetical vehicle operation described in FIG. 6.
Further, to simplify the following discussion, the battery
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system 12 will be discussed in relation to an energy stor-
age component 14 that includes both the lead-acid bat-
tery 28 and the second battery 30. However, in other
embodiments, the lead-acid battery 28 and the second
battery 30 may be located in different regions of the ve-
hicle 10, for example as separate modules.

[0051] With the preceding in mind, FIGS. 7A-7D de-
scribe the illustrative voltage of the semi-passive battery
architecture 50A, depicted in FIG. 4A, in relation to the
hypothetical vehicle operation described above in FIG.
6. FIGS. 7A-7D are XY plots that each includes a voltage
curve that describes the dynamic voltage of the semi-
passive architecture 50A and a second battery voltage
curve that describes the dynamic voltage of the second
battery 30 between time 0 and time 8, in which voltage
is on the Y-axis and time is on the X-axis. More specifi-
cally, FIG. 7A describes a semi-passive architecture 50A
with a non-voltage matched battery pairing, FIG. 7B de-
scribes a semi-passive architecture 50A with a first em-
bodiment of a partial voltage matched battery pairing,
FIG. 7C describes a semi-passive architecture 50A with
a second embodiment of a partial voltage matched bat-
tery pairing, and FIG. 7D describes a semi-passive ar-
chitecture 50A with a voltage matched battery pairing.
As should be appreciated, since the lead-acid battery 28
is directly connected to the bus 26, the battery system
voltage will be the same as the lead-acid battery voltage.

Non-voltage Matched

[0052] Functionally, the semi-passive embodiments
e.g., non-voltage match, first embodiment partial voltage
match, second embodiment partial voltage match, volt-
age match) are similar to their respective passive battery
system embodiments. Accordingly, to more efficiently
capture electrical power generated via regenerative
braking, the lead-acid battery 28 may generally be oper-
ated between 95-100% state of charge and the second
battery 30 may generally be operated at 0% state of
charge. In other words, the lead-acid battery 28 is main-
tained at a relatively full state of charge to steer the gen-
erated electrical power to the second battery 30, and the
second battery 30 is maintained at a relatively empty
state of charge to utilize the full storage capacity (i.e.,
0-100% state of charge) of the second battery 30.

[0053] For example, FIG. 7A depicts that the battery
system voltage 80 decreases as the lead-acid battery
supplies electrical power to the component of the elec-
trical system 46 during key-off 82 (e.g., between time 0
and time 1), sharply drops as the lead-acid battery 28
cold cranks 84 the internal combustion engine 24 e.g.,
at time 1), micro-cycles while the vehicle accelerates 86
and cruises 88 (e.g., between time 1 and time 3), increas-
es as electrical power is stored in the second battery 30
during regenerative braking 90 (e.g., between time 3 and
time 4), decreases as the second battery 30 supplies
electrical power to the electrical system 46 during cruis-
ing 92 e.g., between time 4 and time 5), increases as
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electrical power is again stored in the second battery 30
during regenerative braking 94 (e.g., between time 5 and
time 6), decreases as the second battery 30 supplies
electrical power to the electrical system 46 during auto-
stop 96 (e.g., between time 6 and time 7), sharply drops
to warm crank 98 the internal combustion engine 24 (e.g.,
at time 7), decreases until the electrical power stored in
the second battery 30 is depleted 100 or nearly depleted,
and micro-cycles thereafter (e.g., micro-cycling during
acceleration 86 and cruising 88).

[0054] More specifically, as described above, the bi-
stable relay 52A may be closed when it is desirable to
charge or discharge the second battery 30. For example,
between time 0 and time 3 e.g., key-off 82, cold crank
84, acceleration 86, and cruising 88), the bi-stable relay
52A may be open to enable the lead-acid battery 28 to
supply electrical power to the electrical system 46 by it-
self. Accordingly, as depicted, voltage 102 of the second
battery is maintained at approximately 13.3 volts (e.g.,
0% state of charge). Additionally, between time 3 and
time 7 e.g., regenerative braking 90, cruising 92, regen-
erative braking 94, auto-stop 96, and warm-crank 98),
the bi-stable relay 52A may be closed to enable the sec-
ond battery 30 to charge, forexample during regenerative
braking 90 and 94, and discharge for example during
cruising 92 and auto-stop 96. Furthermore, the bi-stable
relay 52A may remain closed until the electrical power
stored in the second battery 30 is depleted 100. Accord-
ingly, since the second battery 30 contains approximately
60% state of charge, the lead-acid battery 28 along with
the second battery 30 may both supply power to warm
crank 98 the internal combustion engine as depicted.
More specifically, whether to utilize the second battery
30 to crank the internal combustion engine may be based
at least in part on a minimum state of charge for the sec-
ond battery. In some embodiments, the minimum state
of charge may be 20%, 40%, or 60% of second battery
state of charge. As used herein, "minimum state of
charge" is intended to describe the minimum amount of
power, which is a function of the battery state of charge,
which may be contributed by the second battery 30 to
facilitate a vehicle operation, such as crank the internal
combustion engine 24 or supply power to the electrical
system 46. Once the second battery 30 is depleted, the
bi-stable relay 52A may be open, disconnecting the sec-
ond battery 30 and enabling the lead-acid battery 28 to
supply power to the electrical system 46 by itself.

First Embodiment Partial Voltage Matched

[0055] As described above, FIG. 7B describes a semi-
passive battery system 50A when the batteries 28 and
30 are partial voltage matched, in accordance with a first
embodiment. FIG. 7B depicts a battery system voltage
curve 104 and a second battery voltage curve 106, in
accordance with the first embodiment. More specifically,
the voltage curves 104 and 106 are based on the voltage
characteristics described in FIG. 5. In other words, a lead-
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acid battery 28 and a LTO/NMC battery 30.

[0056] As discussed above regarding the non-voltage
match pair, the lead-acid battery 28 may be operated
between 95-100% state of charge to steer regenerative
power toward the second battery 30, which may capture
regenerative power more efficiently. Additionally, based
on the voltage characteristics of the batteries 28 and 30
(e.g., current steering), the second battery 30 may supply
power by itself until its voltage nears the lead-acid battery
voltage. As used herein, that voltage may be referred to
as the "threshold voltage." Accordingly, in the present
embodiment, because the lead-acid battery 28 is oper-
ated between 95-100% state of charge, the second bat-
tery 30 may supply power to the electrical system 46 by
itself until it nears a voltage threshold of approximately
12.9 volts, at which point, the lead-acid battery 28 or both
the lead-acid battery 28 and the second battery 30 may
supply power to the electrical system 46. In other words,
the lead-acid battery 28 may begin outputting electrical
power once the second battery 30 decreases to approx-
imately 20% state of charge. Thus, only a portion of the
storage capacity of the second battery 30 is utilized. For
example, in the present example, 80% (e.g., between
20-100% state of charge) of the storage capacity of the
second battery 30 may be utilized. As used herein, the
"first embodiment" of a partial voltage match battery sys-
tem is intended to describe maintaining the battery 28
e.g., lead-acid battery) generally at a full state of charge
e.g., 100% state of charge) and maintaining the second
battery 28 at the state of charge corresponding with the
threshold voltage e.g., 20% state of charge).

[0057] Similar to FIG. 7A, the battery system voltage
104 decreases as the lead-acid battery 28 supplies elec-
trical power to the electrical system 46 during key-off 108
e.g., between time 0 and time 1), sharply drops as the
lead-acid battery 28 cold cranks 110 the internal com-
bustion engine e.g., attime 1), micro-cycles e.g., to main-
tain the lead-acid battery 28 between 95-100% state of
charge) while the vehicle accelerates 112 and cruises
114 e.g., between time 1 and time 3), increases as elec-
trical power is stored in the second battery 30 during re-
generative braking 116 e.g., between time 3 and time 4),
decreases as the battery system supplies electrical pow-
er to the electrical system 46 during cruising 118 e.g.,
between time 4 and time 5), increases as electrical power
is again stored in the second battery 30 during regener-
ative braking 120 e.g., between time 5 and time 6), de-
creases as the battery system supplies electrical power
to the electrical system 46 during auto-stop 122 (e.g.,
between time 6 and time 7), sharply drops as the lead-
acid battery 28 warm cranks 124 the internal combustion
engine 24 (e.g., at time 7), and micro-cycles after the
electrical power stored in the second battery 30 is de-
pleted or nearly depleted (e.g., during acceleration 126).
[0058] More specifically, similar to the semi-passive
non-voltage match described above, in the depicted em-
bodiment, the bi-stable relay 52A is open between time
0 and time 3 e.g., key-off 108, cold crank 110, accelera-
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tion 112, and cruising 114)to enable the lead-acid battery
28 to supply power to the electrical system 46 by itself.
Additionally, the bi-stable relay 52A may open after the
second battery 30 has discharged to the threshold volt-
age. For example, in the depicted embodiment, the bi-
stable relay 52A is open during micro-cycling 128 and
discharging 130 to disconnect the second battery 30 from
the electrical system 46. Accordingly, as depicted, the
second battery voltage 106 remains relatively constant
during these periods. As can be appreciated, the second
battery voltage 106 may experience some decay due to
voltage relaxation and/or self-discharge. Furthermore, in
the depicted embodiment, since the bi-stable relay 52A
is open, the lead-acid battery 28 supplies power to warm
crank 124 the internal combustion engine 24 by itself.
[0059] On the other hand, the bi-stable relay 52A may
be closed to enable the second battery 30 to charge/dis-
charge. For example, in the depicted embodiment, the
bi-stable relay 52A is closed during regenerative braking
116 and 120 to charge the second battery 30. Addition-
ally, the bi-stable relay 52A is closed while the second
battery 30 supplies power, for example during the portion
of cruising 118 and auto-stop 122 before reaching its
threshold voltage e.g., before micro-cycling 128 and dis-
charging 130). More generally, the bi-stable relay 52A
may be closed when electrical power is desired by the
electrical system 46 and the second battery 30 is above
a minimum state of charge.

Second Embodiment Partial Voltage Matched

[0060] Based on the above description of the first em-
bodiment of the semi-passive battery architecture 50A
with partial voltage matched batteries, the amount of re-
generative power utilized by the second battery 30 may
be less than its full storage capacity. Accordingly, in a
second embodiment of a semi-passive battery architec-
ture 50A with partial voltage matched batteries, the
threshold voltage may be reduced to increase the amount
of regenerative power that may be captured and supplied
by the second battery 30. For example, the threshold
voltage is lowered to approximately 12.6 volts in the sec-
ond embodiment described in FIG. 7C, which depicts a
battery system voltage curve 132 that describes the volt-
age ofthe battery system 12 and a second battery voltage
curve 134 thatdescribes the voltage of the second battery
30. More specifically, the voltage curves 132 and 134 are
based on the voltage characteristics described in FIG. 5.
In other words, the lead-acid battery 28 is generally main-
tained at between 80-85% state of charge and the second
battery 30 is generally maintained at 15% state of charge.
Accordingly, in the second embodiment, the second bat-
tery 30 may utilize 85% of its storage capacity e.g.,
15-100% state of charge) to capture regenerative power,
which is a 5% state of charge increase over the first em-
bodiment e.g., 80%). In other embodiments, the thresh-
old voltage may be lowered by maintaining the lead-acid
battery 28 between 50-55%), 55-60%, 60-65%),
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65-70%), 70-75%, 85-90% state of charge, or any com-
bination thereof. As used herein, the "second embodi-
ment" of a partial voltage match battery system is intend-
ed to describe maintaining the first battery 28 e.g., lead-
acid battery) at a generally less than full state of charge
e.g., between 80-85% state of charge) to lower the
threshold voltage.

[0061] Similar to FIG. 7B, the battery system voltage
132 decreases as the lead-acid battery 28 supplies elec-
trical power to the component of the electrical system 46
during key-off 136 e.g., between time 0 and time 1),
sharply drops as the lead-acid battery 28 cold cranks 138
the internal combustion engine e.g., at time 1), micro-
cycles e.g., to maintain the lead-acid battery between
80-85% state of charge) while the vehicle accelerates
140 and cruises 142 (e.g., between time 1 and time 3),
increases as electrical power is stored in the second bat-
tery 30 during regenerative braking 144 e.g., between
time 3 and time 4), decreases as the second battery 30
supplies electrical power to the electrical system 46 dur-
ing cruising 146 e.g., between time 4 and time 5), in-
creases as electrical power is again stored in the second
battery 30 during regenerative braking 148 (e.g., be-
tween time 5 and time 6), decreases as the second bat-
tery 30 supplies electrical power to the electrical system
46 during auto-stop 150 e.g., between time 6 and time
7), sharply drops to warm crank 152 the internal com-
bustion engine 24 e.g., at time 7), and micro-cycles after
the electrical power stored in the Second battery 30 is
depleted or nearly depleted e.g., during acceleration
154).

[0062] More specifically, similar to the first semi-pas-
sive partial voltage match embodiment described above,
in the depicted embodiment, the bi-stable relay 52A is
open between time 0 and time 3 e.g., key-off 136, cold
crank 138, acceleration 140, and cruising 142) to enable
the lead-acid battery 28 to supply power to the electrical
system 46 by itself. Additionally, the bi-stable relay 52A
may open after the second battery 30 has discharged to
the threshold voltage. For example, in the depicted em-
bodiment, the bi-stable relay 52A opens to disconnect
the second battery 30, and the lead-acid battery 28 pro-
vides power (e.g., during micro-cycling 156). According-
ly, as depicted, the second battery voltage 134 remains
atarelatively constant voltage during these periods. Fur-
thermore, since the second battery 30 has not reached
the threshold voltage, the second battery 30 along with
the lead-acid battery 28 may both supply power to warm
crank 152 the internal combustion engine 24.

[0063] On the other hand, the bi-stable relay 52A may
be closed to enable the second battery 30 to charge/dis-
charge. For example, in the depicted embodiment, the
bi-stable relay 52A is closed during regenerative braking
144 and 148 to charge the second battery 30. Addition-
ally, the bi-stable relay 52A is closed while the second
battery 30 supplies power, for example during causing
146 and auto-stop 150.
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Voltage Matched

[0064] Furthermore, as described above, FIG. 7D de-
scribes a semi-passive architecture 50A when the bat-
teries 28 and 30 are voltage matched. In other words, a
lead-acid battery 28 and a LTO/LMO battery 30, for ex-
ample. As depicted, FIG. 7D depicts a battery system
voltage curve 158 that describes the voltage of the battery
system and a second battery voltage curve 160 that de-
scribes the voltage ofthe second battery 30. As described
above, the second battery 30 may supply power to the
electrical system 46 by itself until the second battery 30
nears the threshold voltage. Accordingly, similar to the
second embodiment of the partial voltage match de-
scribed above, the threshold voltage may be reduced to
increase the storage capability of the second battery 30.
lllustratively, if the threshold voltage is approximately
12.9 volts, the lead-acid battery 28 is generally main-
tained at between 95-100% state of charge and the sec-
ond battery 30 is maintained at approximately 75% state
of charge. In other words, the second battery 30 is ca-
pable of utilizing 25% of its storage capacity to capture
regenerative powere.g., 75-100% state of charge). Com-
paratively, if the threshold voltage is reduced to approx-
imately 12.3 volts, the lead-acid battery 28 is generally
maintained at between 60-65% state of charge e.g., gen-
erally less than full state of charge) and the second bat-
tery 30 is generally maintained at 35% state of charge.
Accordingly, the second battery 30 is capable of utilizing
65% of its storage capacity to capture regenerative power
e.g., 35-100% state of charge),

[0065] Similar to FIG. 7C, above, the battery system
voltage 158 decreases as the lead-acid battery 28 sup-
plies electrical power to the component of the electrical
system 46 during key-off 162 e.g., between time 0 and
time 1), sharply drops as the lead-acid battery 28 cold
cranks 164 the internal combustion engine (e.g., at time
1), micro-cycles e.g., to maintain the lead-acid battery
between 60-65% state of charge) while the vehicle ac-
celerates 166 and cruises 168 e.g., between time 1 and
time 3), increases as electrical power is stored in the
second battery 30 during regenerative braking 170 e.g.,
between time 3 and time 4), decreases as the battery
system supplies electrical power to the electrical system
46 during cruising 172 (e.g., between time 4 and time 5),
increases as electrical power is again stored in the sec-
ond battery 30 during regenerative braking 174 e.g., be-
tween time 5 and time 6), decreases as the battery sys-
tem supplies electrical power to the electrical system 46
during auto-stop 176 e.g., between time 6 and time 7),
sharply drops as the lead-acid battery warm cranks 178
the internal combustion engine 24 e.g., at time 7), and
micro-cycles after the electrical power stored in the sec-
ond battery 30 is depleted or nearly depleted e.g., during
acceleration 180).

[0066] More specifically, similar to the semi-passive
embodiments described above, in the depicted embod-
iment, the bi-stable relay 52A is open between time 0
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and time 3 e.g., key-off 162, cold crank 164, acceleration
166, and cruising 168) to enable the lead-acid battery 28
to supply power to the electrical system 46 by itself. Ad-
ditionally, the bi-stable relay 52A may open after the sec-
ond battery 30 has discharged to the threshold voltage.
For example, in the depicted embodiment, when the
threshold voltage is reached, the bi-stable relay 52A
opens to disconnect the Second battery 30 during micro-
cycling 182 or discharging 128, Accordingly, as depicted,
the LTO/LMO battery voltage 160 remains at a relatively
constant voltage during these periods. Furthermore, in
the depicted embodiment, since the bi-stable relay 52A
is open, the lead-acid battery 28 supplies power to warm
crank 178 the internal combustion engine 24 by itself.
[0067] On the other hand, the bi-stable relay 52A may
be closed to enable the second battery 30 to charge/dis-
charge. For example, in the depicted embodiment, the
bi-stable relay 52A is closed during regenerative braking
170 and 174 to charge the second battery 30. Addition-
ally, the bi-stable relay 52A is closed while the second
battery 30 supplies power, for example during the portion
of cruising 172 and auto-stop 176 before reaching its
threshold voltage e.g., before micro-cycling 182 and dis-
charging 184).

[0068] As discussed above with regard to the embod-
iments described in FIGS. 7A-7D, the bi-stable relay 52A
may be open to disconnect the second battery 30 when
itisundesirable to charge or discharge the second battery
30. For example, the bi-stable relay 52A may be open
when the lead-acid battery 28 is supplying power e.g.,
during key-off, cold crank, acceleration, and cruising).
Additionally, the bi-stable relay 52A may be open when
the second battery 30 discharges to the threshold voltage
(e.g., 128, 130, 156, 182, or 184). Comparatively, the
lead-acid battery 28 along with the second battery 30
may supply power during key-off (e.g., 118, 146, or 168),
and the alternator 18 may micro-cycle both the lead-acid
battery 28 and the second battery 30 because the second
battery 30 is directly coupled to the bus 26.

[0069] In some embodiments, micro-cycling the lead-
acid battery 28 by itself (e.g., without micro-cycling the
second battery 30) may increase the vehicle’s fuel econ-
omy and/or reduce undesirable emissions because the
alternator 18 charges a single battery (e.g., the lead-acid
battery 28) as compared to two batteries (e.g., the lead-
acid battery 28 and the second battery 30). Additionally,
not micro-cycling the second battery 30 may improve the
lifespan of the second battery 30 because the second
battery 30 is not repeatedly charged and discharged dur-
ing micro-cycling. Accordingly, the overall cost of a semi-
passive architecture 50A may be reduced based onthese
factors.

[0070] Similarly, including the bi-stable relay 52B to
selectively couple the lead-acid battery 28, as depicted
in FIG. 4B, may improve the lifespan of the lead-acid
battery 28 and improve the recharge efficiency of the
second battery 30. For example, when the lead-acid bat-
tery 28 is maintained at less than full state of charge (e.g.,
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the second partial voltage match embodiment) the bi-
stable relay 5213 may disconnect the lead-acid battery
28 during regenerative braking to steer all of the regen-
erative power to the second battery 30, which more effi-
ciently captures the regenerative power. Additionally, the
bi-stable relay 52B may disconnect the lead-acid battery
28 to enable the second battery 30 to be charged at a
higher voltage (e.g., 16.8 volts), which may be higher
than the maximum charging voltage of to the lead-acid
battery 28 (e.g., overvoltage), to in-iprove the charging
rate of the second battery 30. For example, in the present
embodiment, the alternator 18 may output a voltage up
to 16.8 volts to charge the second battery 30. However,
the maximum charging voltage of lead-acid battery 28
may be 14.8 volts because above that point the lead-acid
battery 28 may begin to produce oxygen and hydrogen
gas, which negatively affects the lifespan of the lead-acid
battery 28. In other words, the bi-stable relay 52B may
be opened to enable the second battery 30 to be more
optimally charged while protecting the lead-acid battery
28 from overvoltage, for example when the batteries 28
and 30 are non-voltage matched or partial voltage
matched,

[0071] Based on the various embodiments of semi-
passive architectures 50A, 50B described above, the
control algorithm utilized by the battery control unit 36
may be more complex than the algorithm utilized for pas-
sive battery systems 42. More specifically, in addition to
controlling the alternator 18, the battery control unit 36
may close and open the bi-stable relay 52 to control the
operation of the semi-passive architecture 50. As de-
scribed above, the bi-stable relay 52 may be closed when
the battery 28 or 30 is charging or discharging and open
otherwise. Further, FIG. 8 illustrates a method 186 to
determine desirable times for opening and closing the bi-
stable relay 52A during key-on and key-off times. Initially,
at block 1 88, the vehicle 10 may receive a key-on signal
indicating that the car is starting from an off position.
When determining the position of the bi-stable relay 52A,
the battery control unit 36 may make a determination, at
block 190, of whether the voltage of the second battery
30 is lower than the voltage of the first battery 28. In
making this determination, the battery control unit 36 de-
termines whether the state of charge of the second bat-
tery 30 is high enough to provide support to the first bat-
tery 28 while starting the internal combustion engine 24.
[0072] Forexample,ifthe second battery 30 has a volt-
age greater than or equal to the first battery 28, the battery
control unit 36 may instruct the bi-stable relay 52A to
close at block 192. With the bi-stable relay 52A closed,
the second battery 30 couples to the bus 26. Upon cou-
pling to the bus 26, the second battery 30 may be used
to assist the first battery 28 with starting the internal com-
bustion engine 24.

[0073] Alternatively, ifthe second battery 30 has a volt-
age less than the first battery 28, the battery control unit
36 may instruct the bi-stable relay 52A to open at block
194. When the voltage of the second battery 30 is lower
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than the voltage of the first battery 28, it may indicate that
the state of charge of the second battery 30 is very low.
While the state of charge of the second battery 30 is very
low, the first battery 28 may be relied on exclusively to
start the vehicle 10 so as to avoid depleting the state of
charge of the second battery 30 even further. In this man-
ner, the second battery 30 may be recharged to a more
functional state of charge with greater efficiency once the
first battery 28 starts the vehicle 10.

[0074] After determining the voltage comparison at
block 190 and closing or opening the bi-stable relay 52A
at blocks 192 and 194, the first battery 28 or the batteries
28 and 30 may crank the internal combustion engine 24
at block 196. By cranking the internal combustion engine
24, the vehicle 10 may begin recharging the batteries or
micro-cycling the batteries, as discussed above. Further,
the battery control unit 36 may continue to open or close
the bi-stable relay 52A, depending on the situation, as
discussed above in the discussion for FIGS. 7A-7D. For
example, the battery control unit 36 may instruct the bi-
stable relay 52A to close when the vehicle 10 is under-
going regenerative braking to recharge the second bat-
tery 30, or the battery control unit 36 may instruct the bi-
stable relay 52A to open when the second battery 30
drops below a threshold voltage indicating a low state of
charge.

[0075] Subsequently, at block 198, the vehicle 10 may
receive a key-off indication indicating that a user has
stopped the internal combustion engine 24 of the vehicle
10. Upon receiving the key-off indication, the battery con-
trol unit 36 may instruct the bi-stable relay 52A to close.
Once the bi-stable relay 52A is closed, components of
the electrical system 46 that remain operational when
the vehicle 10is off (e.g., lights, fans, engine control mod-
ules, accessories, door locks, etc.) may be powered by
the second battery 30. The second battery 30 may con-
tinue to power the components after the key-offindication
until the second battery 30 reaches a predetermined
threshold voltage, a predetermined amount of time has
passed since receiving the key-off indication (e.g., 2-5
minutes), or the opening of a door of the vehicle 10 indi-
cating an exit of passengers from the vehicle 10. Further,
the method 186 may restart at block 188 upon completing
block 200.

[0076] In another embodiment, the battery control unit
36 may open the bi-stable relay 52B to enable the second
battery 30 to be optimally charged (e.g., with a higher
charging voltage) while protecting the lead-acid battery
28 from overvoltage. Accordingly, the battery control unit
36 may turn on/off the alternator 18 as well as open/close
the bi-stable relay 52B to maintain each of the batteries
28 and 30 at their respective target states of charge. In
addition to opening/closing the bi-stable relay 52B to fa-
cilitate maintaining the batteries 28 and 30 at their target
states of charge, the battery control unit 36 may discon-
nect the battery 28 or 30 for other reasons, such as ex-
treme temperatures that may cause one of the batteries
28 or 30 to be outside of its optimum operating zones.
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[0077] One embodiment of the battery cells described
herein is illustrated in FIG. 9. The battery cells described
herein may be prismatic battery cells 202, where a pris-
matic battery cell 202, as defined herein, includes a pris-
matic case that is generally rectangular in shape. In con-
trast to pouch cells, the prismatic casing is formed from
arelatively inflexible, hard (e.g., metallic) material. How-
ever, it should be noted that certain of the embodiments
described below may incorporate pouch cells in addition
to or in lieu of prismatic battery cells. In accordance with
present embodiments, each prismatic battery cell may
include a top casing portion 204, where a set of cell ter-
minals 32, 34 (e.g., positive and negative cell terminals)
are located. One or more cell vents 206 may also be
located on the top casing portion 204. The prismatic cell
casing also includes a bottom casing portion 208 posi-
tioned opposite the top casing portion 204. Firstand sec-
ond sides 210, 212, which may be straight or rounded,
extend between the bottom and top casing portions 208,
204 in respective positions corresponding to the cell ter-
minals 32, 34. First and second faces 214, 216, which
may be flat (as shown) or rounded, couple the first and
second sides 210, 212 at opposing ends of each cell 202.
[0078] One or more of the disclosed embodiments,
alone or on combination, may provide one or more tech-
nical effects including coupling and decoupling the first
battery 28 or the second battery 30 from the electrical
system 46 based on operational situations of the vehicle
10. The technical effects and technical problems in the
specification are exemplary and are not limiting. It should
be noted that the embodiments described in the specifi-
cation may have other technical effects and can solve
other technical problems.

Claims
1. A battery system (12), comprising:

- a first battery (28) configured to be coupled to
an electrical system (46), wherein the first bat-
tery (28) comprises a first battery chemistry;

- a second battery (30) coupled in parallel with
the first battery (28), wherein the second battery
(30) comprises a second battery chemistry that
has a higher coulombic efficiency than the first
battery chemistry

- a bi-stable relay (52) configured to selectively
couple the second battery (30) to the electrical
system (46), and wherein the bi-stable relay (52)
is configured to:

- couple the second battery (30) to the elec-
trical system (46) during regenerative brak-
ing to enable the second battery (30) to cap-
ture a majority of power generated during
regenerative braking;

- maintain a coupling of the second battery
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(30) to the electrical system (46) after a ve-
hicle (10) transitions from a key-on position
to a key-off position for a predetermined
amount of time or while a voltage of the sec-
ond battery (30) is greater than or equal to
a predetermined voltage; and

- decouple the second battery (30) from the
electrical system (46) after the vehicle (10)
transitions from the key-on position to the
key-off position and when the predeter-
mined amount of time has passed or when
the voltage of the second battery (30)is less
than the predetermined voltage resulting in
a long key-off position, and

- an alternator (18) configured to output a first
voltage during regenerative braking to charge
the second battery (30) and to output a second
voltage otherwise, wherein the first voltage is
higher than the second voltage.

The battery system (12) of claim 1,

wherein, when the second battery (30) has been de-
coupled from the electrical system (46) by the bi-
stable relay (52) in the long key-off position, the bi-
stable relay (52) is configured to couple the second
battery (30) to the electrical system (46) when the
vehicle (10) transitions from the long key-off position
to the key-on position and when a voltage of the first
battery (28) is less than the voltage of the second
battery (30).

The battery system (12) of claim 1 or 2,

wherein, when the second battery (30) has been de-
coupled from the electrical system (46) by the bi-
stable relay (52) in the long key-off position, the bi-
stable relay (52) is configured to maintain the second
battery (30) decoupled from the electrical system
(46) when the vehicle (10) transitions from the long
key-off position to the key-on position and a voltage
of the first battery (28) is greater than the voltage of
the second battery (30).

The battery system (12) of one of claims 1 to 3,
comprising a battery control unit (36) configured to
maintain the first battery (28) generally at a full state
of charge before regenerative braking to enable the
first battery (28) to steer power generated during re-
generative braking to the second battery (30) using
an internal resistance of the first battery (28).

The battery system (12) of one of claims 1 to 4,

comprising a battery control unit (36) configured to
maintain the first battery (28) at a less than a full
state of charge before regenerative braking to in-
crease storage capacity of the second battery (30).

The battery system (12) of one of claims 1 to 5,

10

15

20

25

30

35

40

45

50

55

15

EP 3 201 036 B1

10.

28

comprising a housing to house the first battery (28),
the second battery (30), and the bi-stable relay (52),
wherein the housing comprises a positive terminal
and a ground terminal coupled to the first battery (28)
and selectively coupled to the second battery (30)
via the bi-stable relay (52), wherein the positive ter-
minal and the ground terminal are configured to cou-
ple to the electrical system (46).

The battery system (12) of one of claims 1 to 6,
wherein the first battery (28) and the second battery
(30) are non-voltage matched such that a voltage
range of the second battery (30) is higher than a
voltage range of the first battery (28) and do not over-
lap, wherein the voltage range of the first battery (28)
comprises open circuit voltages of the first battery
(28) between 0-100% state of charge and the voltage
range of the second battery (30) comprises open cir-
cuit voltages of the second battery (30) between
0-100% state of charge.

The battery system (12) of one of claims 1 to 6,
wherein the first battery (28) and the second battery
(30) are partial voltage matched such that a voltage
range of the first battery (28) and a voltage range of
the second battery (30) partially overlap, wherein
voltage overlap corresponds to between 1-74% of
the second battery’s total state of charge range, and
the voltage range of the first battery (28) comprises
open circuit voltages of the first battery (28) between
0-100% state of charge and the voltage range of the
second battery (30) comprises open circuit voltages
of the second battery (30) between 0-100% state of
charge.

The battery system (12) of one of claims 1 to 8,
wherein the first battery chemistry is lead-acid and
the second battery chemistry is lithium ion.

The battery system (12) of claim 9,

wherein the second battery chemistry is lithium-ti-
tanate at the anode and a lithium nickel manganese
cobalt oxide (NMC) and lithium cobalt oxide (LCO)
blend at the cathode.

Patentanspriiche

1.

Batteriesystem (12), Folgendes umfassend:

- eine erste Batterie (28), die eingerichtet ist, um
mit einem elektrischen System (46) verbunden
zu sein, wobei die erste Batterie (28) eine erste
Batteriechemie umfasst;

- eine zweite Batterie (30), die mit der ersten
Batterie (28) parallel verbunden ist, wobei die
zweite Batterie (30) eine zweite Batteriechemie
umfasst, die eine hohere Coulomb-Effizienz auf-
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weist als die erste Batteriechemie

- ein bistabiles Relais (52), das eingerichtet ist,
um die zweite Batterie (30) wahlweise mit dem
elektrischen System (46) zu verbinden, und wo-
bei das bistabile Relais (52) eingerichtet ist, um:

- die zweite Batterie (30) beim Rekuperati-
onsbremsen mit dem elektrischen System
(46) zu verbinden, um zu erméglichen, dass
die zweite Batterie (30) einen Hauptteil der
Leistung aufnimmt, die beim Rekuperati-
onsbremsen erzeugt wird;

- eine Verbindung der zweiten Batterie (30)
mit dem elektrischen System (46) zu unter-
halten, nachdem ein Fahrzeug (10) fir eine
vorbestimmte Zeitspanne aus einer einge-
schalteten Position in eine ausgeschaltete
Position wechselt oder wahrend eine Span-
nung der zweiten Batterie (30) grofRer oder
gleich einer vorbestimmten Spannung ist;
und

- die zweite Batterie (30) von dem elektri-
schen System (46) zu trennen, nachdem
das Fahrzeug (10) von der eingeschalteten
Position in die ausgeschaltete Position
wechselt und wenn die vorbestimmte Zeit-
spanne vergangen ist oder wenn die Span-
nung der zweiten Batterie (30) kleiner ist als
die vorbestimmte Spannung, was zu einer
langen ausgeschalteten Position fihrt, und

- einen Drehstromgenerator (18), der eingerich-
tet ist, beim Rekuperationsbremsen eine erste
Spannung auszugeben, um die zweite Batterie
(30) zu laden, und andernfalls eine zweite Span-
nung auszugeben, wobei die erste Spannung
héher ist als die zweite Spannung.

Batteriesystem (12) nach Anspruch 1,

wobei, wenn die zweite Batterie (30) in der langen
ausgeschalteten Position durch das bistabile Relais
(52) von dem elektrischen System (46) getrennt wur-
de, das bistabile Relais (52) eingerichtet ist, um die
zweite Batterie (30) mit dem elektrischen System
(46) zu verbinden, wenn das Fahrzeug (10) aus der
langen ausgeschalteten Position in die eingeschal-
tete Position wechselt und wenn eine Spannung der
ersten Batterie (28) kleiner ist als die Spannung der
zweiten Batterie (30).

Batteriesystem (12) nach Anspruch 1 oder 2,

wobei, wenn die zweite Batterie (30) in der langen
ausgeschalteten Position durch das bistabile Relais
(52) von dem elektrischen System (46) getrennt wur-
de, das bistabile Relais (52) eingerichtet ist, um die
zweite Batterie (30) von dem elektrischen System
(46) getrennt zu halten, wenn das Fahrzeug (10) aus
der langen ausgeschalteten Position in die einge-
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schaltete Position wechselt und eine Spannung der
ersten Batterie (28) grofer ist als die Spannung der
zweiten Batterie (30).

Batteriesystem (12) nach einem der Anspriiche 1 bis
3,

eine Batteriesteuerungseinheit (36) umfassend, die
eingerichtet ist, um die erste Batterie (28) vor einem
Rekuperationsbremsen im Allgemeinen in einem
vollgeladenen Zustand zu halten, um der ersten Bat-
terie (28) zu ermdglichen, Leistung, die beim Reku-
perationsbremsen erzeugt wird, unter Verwendung
eines Innenwiderstands der ersten Batterie (28) in
die zweite Batterie (30) zu lenken.

Batteriesystem (12) nach einem der Anspriiche 1 bis
4,

eine Batteriesteuerungseinheit (36) umfassend, die
eingerichtet ist, um die erste Batterie (28) vor einem
Rekuperationsbremsen in einem weniger als vollge-
ladenen Zustand zu halten, um eine Speicherkapa-
zitat der zweiten Batterie (30) zu erhéhen.

Batteriesystem (12) nach einem der Anspriiche 1 bis
5,

ein Gehause umfassend, um die erste Batterie (28),
die zweite Batterie (30) und das bistabile Relais (52)
aufzunehmen, wobei das Gehause einen positiven
Anschluss und einen Masseanschluss umfasst, die
mit der ersten Batterie (28) verbunden sind und tiber
das bistabile Relais (52) wahlweise mit der zweiten
Batterie (30) verbunden sind, wobei der positive An-
schluss und der Masseanschluss eingerichtet sind,
um mit dem elektrischen System (46) zu verbinden.

Batteriesystem (12) nach einem der Anspriiche 1 bis
6,

wobei die erste Batterie (28) und die zweite Batterie
(30) spannungsmaRig nicht derartig angepasst sind,
dass ein Spannungsbereich der zweiten Batterie
(30) hoher ist als ein Spannungsbereich der ersten
Batterie (28) und sich nicht tGberlappen, wobei der
Spannungsbereich der ersten Batterie (28) Leerlauf-
spannungen der ersten Batterie (28) mit einem La-
dezustand zwischen 0 und 100 % umfasst und der
Spannungsbereich der zweiten Batterie (30) Leer-
laufspannungen der zweiten Batterie (30) mit einem
Ladezustand zwischen 0 und 100 % umfasst.

Batteriesystem (12) nach einem der Anspriiche 1 bis
6,

wobei die erste Batterie (28) und die zweite Batterie
(30) spannungsmahig teilweise derartig angepasst
sind, dass ein Spannungsbereich der ersten Batterie
(28) und ein Spannungsbereich der zweiten Batterie
(30) sich teilweise uberlappen, wobei eine Span-
nungsuberlappung zwischen 1 und 74 % des ge-
samten Ladezustandsbereichs der zweiten Batterie
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entspricht und der Spannungsbereich der ersten
Batterie (28) Leerlaufspannungen der ersten Batte-
rie (28) mit einem Ladezustand zwischen 0 und 100
% umfasst und der Spannungsbereich der zweiten
Batterie (30) Leerlaufspannungen der zweiten Bat-
terie (30) mit einem Ladezustand zwischen 0 und
100 % umfasst.

Batteriesystem (12) nach einem der Anspriiche 1 bis
8,

wobei die erste Batteriechemie Blei-Saure ist und
die zweite Batteriechemie Lithium-lonen ist.

Batteriesystem (12) nach Anspruch 9,

wobei die zweite Batteriechemie Lithiumtitanat an
der Anode und eine Lithium-Nickel-Mangan-Kobalt-
Oxid-(NMC)- und Lithium-Kobalt-Oxid-(LCO)-Mi-
schung an der Kathode ist.

Revendications

1.

Systeme de batterie (12), comprenant :

- une premiére batterie (28) configurée pour étre
couplée a un systeme électrique (46), la premiée-
re batterie (28) comprenant une premiére com-
position chimique de batterie ;

- une seconde batterie (30) couplée en paralléle
avec la premiére batterie (28), la seconde bat-
terie (30) comprenant une seconde composition
chimique de batterie qui a un rendement cou-
lombien plus élevé que la premiere composition
chimique de batterie

- un relais bistable (52) configuré pour coupler
sélectivement la seconde batterie (30) au sys-
teme électrique (46), et le relais bistable (52)
étant configuré pour

- coupler la seconde batterie (30) au syste-
me électrique (46) pendant le freinage par
récupération pour permettre a la seconde
batterie (30) de capturer une majorité de
I'énergie générée pendant le freinage par
récupération ;

- maintenir un couplage de la seconde bat-
terie (30) au systéme électrique (46) apres
qu’un véhicule (10) passe d’une position de
marche a une position d’arrét pendant une
durée prédéterminée ou pendant qu’une
tension de la seconde batterie (30) est su-
périeure ou égale a une tension
prédéterminée ; et

- découpler la seconde batterie (30) du sys-
teme électrique (46) aprés que le véhicule
(10) est passé de la position de marche a
la position d’'arrét et lorsque le temps pré-
déterminé s’est écoulé ou lorsque la tension
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de la seconde batterie (30) est inférieure a
la tension prédéterminée, ce qui entraine
une position d’arrét prolongée, et

- un alternateur (18) configuré pour produire une
premiere tension pendant le freinage par récu-
pération pour charger la seconde batterie (30)
et pour produire une seconde tension dans le
cas contraire, la premiére tension étant supé-
rieure a la seconde tension.

Systeme de batterie (12) selon la revendication 1,

lorsque la seconde batterie (30) a été découplée du
systeme électrique (46) par le relais bistable (52)
dans la position longue d’arrét, le relais bistable (52)
étant configuré pour coupler la seconde batterie (30)
au systéme électrique (46) lorsque le véhicule (10)
passe de la position longue d’arrét a la position d’ar-
rét et lorsqu’une tension de la premiére batterie (28)
estinférieure a la tension de la seconde batterie (30).

Systeme de batterie (12) selon la revendication 1 ou
2,

lorsque la seconde batterie (30) a été découplée du
systeme électrique (46) par le relais bistable (52)
dans la position longue d’arrét, le relais bistable (52)
étant configuré pour maintenir la seconde batterie
(30) découplée du systeme électrique (46) lorsque
le véhicule (10) passe de la position longue d’arrét
a la position d’arrét et qu’une tension de la premiére
batterie (28) est supérieure a la tension de la secon-
de batterie (30).

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 3, comprenant une unité de commande de
batterie (36) configurée pour maintenir la premiére
batterie (28) généralement a un état de charge com-
plet avant le freinage par récupération pour permet-
tre a la premiére batterie (28) de diriger la puissance
générée pendant le freinage par récupération vers
la seconde batterie (30) en utilisant une résistance
interne de la premiére batterie (28).

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 4, comprenant une unité de commande de
batterie (36) configurée pour maintenir la premiére
batterie (28) a un état de charge inférieur a la pleine
charge avantle freinage par récupération afin d’aug-
menter la capacité de stockage de la seconde bat-
terie (30).

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 5, comprenant un boitier pour loger la pre-
miere batterie (28), la seconde batterie (30) et le re-
lais bistable (52), le boitier comprenant une borne
positive et une borne de masse couplées a la pre-
miere batterie (28) et couplées sélectivement a la
seconde batterie (30) par l'intermédiaire du relais
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bistable (52), la borne positive et la borne de masse
étant configurées pour étre couplées au systéme
électrique (46).

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 6, la premiére batterie (28) et la seconde
batterie (30) n’étant pas adaptées en tension de telle
sorte qu’une plage de tension de la seconde batterie
(30) est supérieure a une plage de tension de la pre-
miére batterie (28) et ne se chevauchent pas, la pla-
ge de tension de la premiére batterie (28) compre-
nant des tensions de circuit ouvert de la premiére
batterie (28) entre 0-100 % d’'état de charge et la
plage de tension de la seconde batterie (30) com-
prenant des tensions de circuit ouvert de la seconde
batterie (30) entre 0-100 % d’état de charge.

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 6, la premiére batterie (28) et la seconde
batterie (30) étant partiellement adaptées en tension
de telle sorte qu’une plage de tension de la premiére
batterie (28) et une plage de tension de la seconde
batterie (30) se chevauchent partiellement, le che-
vauchement des tensions correspondant a 1-74 %
de la plage totale d’état de charge de la seconde
batterie, etla plage de tension de la premiere batterie
(28) comprenant des tensions de circuit ouvert de la
premiére batterie (28) entre 0-100 % d’état de char-
ge, etla plage de tension de la seconde batterie (30)
comprenant des tensions de circuit ouvert de la se-
conde batterie (30) entre 0-100 % d’état de charge.

Systeme de batterie (12) selon I'une des revendica-
tions 1 a 8,

la premiére composition chimique de la batterie étant
I'acide de plomb et la seconde composition chimique
de lion lithium.

Systeme de batterie (12) selon la revendication 9, la
seconde composition chimique de la batterie étant
le titanate de lithium a 'anode et un mélange d’oxyde
de lithium-nickel-manganese-cobalt (NMC) et un
mélange d’oxyde de lithium-cobalt (LCO) a la catho-
de.
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